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TRAINING OF ECCRINE SWEAT GLANDS IN PARAPLEGI * 
BECKY B. JOHNSON, PH.D.t AND ROBERT E. JOHN ON, M.D. 
ABSTRACT 
In paraplegics sweating was evaluated both above and below a l sion of the ~pinal 
cord. Sweating was measured on the forearm and thigh durinO' both thermal tre...,s or 
repeated injections of methacholine. The result were a follows: (1) Three trnumatic 
paraplegics did not weat in re pan e to the thermal tre in decentralized areas. (2) 
Two post-polio subject responded to thermal stress on both the arm and leg. (3) ...:ix of 
seven subjects tested showed traininG' on both the arm and leg. Example of increa ed 
sweating due to recruitment, enhancement, and to a combinn tion of the"'e two proces ' 
were observed. (4) The predominant proce~s (i.e. recruitment or enhancem nt) con-
tributing to the increa eel weating reLponse durinO' training was the ame on the arm ::~nd 
leg of a given individual even in in~ tances ''"here the leg did not respond to thermal 
'" tre s. 
The sensitivity of human eccrine weat 
glands to cholinergic stimulation chano-es de-
pending on the prior stimulation. When sweat-
ing is repeatedly elicited by thermal stress, 
acclimatization re ·ults in an increase in the 
amount of sweat secreted for a given heat stim-
ulus. In addition, repeated stimulation of 
sweat glands under cool conditions with the 
drug acetyl-B-methylcholine (Mecholyl) re~ult · 
in an increased sweatinG' response to the tand-
ard dose of drug (1). Johnson, Johnson , and 
Sargent (2) showed that the increased sweat-
ing response caused by daily cholinergic drug 
stimulation resulted from enhanced glandular 
activity in some subjects, while in other~ both 
recruitment of new glands and enhanced ac-
tivity occurred. 
Previous work has not shown what factors 
determine whether recruitment, enhancement, 
or a combination of these two processes will 
occur (3). Thi could be a characteristic of the 
individual. Alternatively, the response shown 
by an individual might depend on the previous 
level of activity of his thermoregulatory sys-
tem. Perhaps recruitment occurs when only a 
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portion of the potentially active sweat glands 
have been actiYe, and enhancement occurs once 
all available glands are active. If this were the 
ca e, one would expect to see recruitment fol-
lowed by enhancement if areas of previously 
inactive glands were stimulated. 
In order to investigate this problem, the 
responses of paraplegics (traumatic and post-
polio) to thermal stress and to repated intra-
dermal injections of methacholine chloride were 
studied. 
MATERIALS AND METHODS 
Subjects. Seven paraplegic individuals aged 19 
to 24 years seiTed as subjects for th is stud~· . Char-
acteristics for these four men and three women are 
giv n in Table I. 
Collection of samples. ample. "er collected in 
um'entilated , wcat capsules ( 4) from the volar 
surface of the forearm and from the anterior sur-
face of the thigh just above the knee. amples were 
collected on pre-weighed filter papers 4.25 em in 
diameter. The balance was sensitiYe to 0.1 mg. 
They were reweirrhed and dried in a drying oven 
after which the solutes were eluted in 3 to 5 ml of 
.01 N LiNOa, depending on the sample size, and 
analyzed for sodium with a flame photometer. 
Thermal stress. Th thermoregulatory capability 
of the two areas selected for training was evaluated 
under a mild thermal stress. Subj cts were eated in 
a controlled temperature room at 110° F dry bulb, 
76° F wet bulb, 20 % relative humidity for thirty 
minutes. amples were collected as described previ-
ously during two fift en minute period in order to 
a certain that a stable sweat rate had been at-
tained. A final thirty minute sample was collected 
from 60 to 90 minutes after the subject had entered 
the hot room. 
Training with methacholine. Training wa con-
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TABLE I 
Subjects for study of training in paraplegics 
ubject Sex 
E. M 
'.V. M 
.· .n. M 
w .. ·. M 
P.D. }<' 
J.,.D. F 
F.V. F 
Age 
24 
22 
19 
22 
21 
Disability 
Traumatic para-
plegic T-12 
Fu ion and lamin -
ectomy T 9-12 
Traumatic para-
plegia T 10- 11 
Cord severed m 
mid portion; 
strands of tissue 
on each ·ide 
Post-polio. Quad-
. . 
npares1s 
Po t-polio. Right 
leg weak but 
u eable 
, pina hifida. Dis-
ability occurred 
after spinal fu-
swn surgery 
Age at 
onset 
of dis-
ability 
21 
18 
6 
6 
13 
19 TraLtmatic para- 17 
plegi a. Cord 
tran. ected T 7-8 
19 Traumatic para- 16 
plegia . Cord 
transerted at T 
5-6; laminec -
tomy T 5- 6-7; 
dorsal rhizotomy 
T-6 
duct d according to the method of Collins et al. 
( 1). Two int radermal injections of 100 p.g metha-
holin 1 in 0.5 ml isotonic saline were given at 
1 ct d it s on the volar surface of the forearm 
and the ant rior surface of the thigh just above 
th kn . On hour elap ed between injections. 
w at sampl s were coil cted daily during the 
thirt minut following the first injection. Train-
mrr was r ntinu d for ten day . 
RESULTS 
Thermal stress. Two traumatic paraplegics 
(F.,., nn I .V.) howed no sweating on the 
thi<Th but moderate sweating on the forearm. 
One patient with spina bi.fida (P.D.) also re-
sponded that way. One traumatic paraplegic 
(E. .) who e spinal ord was not severed by 
1 Methacholine chloride (N.F.) obtained from 
Merck and Co. was used in these studies. 
the trauma producing paraplegia, showed a 
greater response on his leg than on his fore-
arm. The two post-polio subjects (W.S. and 
.R.) responded to thermal stress on both 
the forearm and thigh, with the thigh showing 
the lesser response (Table II). 
Training with methacholine. Six of the seven 
subjects showed training on both the forearm 
and the thigh; the exception was F.V. In three 
subjects (F.V., C.V. and L.D.) the sweat 
glands of the thigh were decentralized due 
to the trauma resulting in paraplegia. One 
traumatic paraplegic (F.V.) who did not re-
spond to thermal stress on the thigh showed a 
small response to methacholine on both the 
forearm and thigh on each of the ten days, but 
the characteristic increase in re ponsiveness did 
not occur (Fig. 1). 
As shown previously (2) the increased sweat 
rate characterizing training can result from 
enhanced glandular activity, the recruitment 
of additional glands, or a combination of these 
two processe . Data from these experiments 
were analyzed in the manner described by Fas-
ciola, Johnson, and Totel (3). Of the six sub-
jects showing training, one showed predomi-
nantly recruitment, two predominantly en-
hancement, and three showed responses m-
volving both processes. In all cases the re-
sponse of the thigh and forearm were es-
TABLE II 
Sweat samples collected during a single two hour 
exposure to moderate heat stress . Volumes from 
the arm and leg during two fifteen and one thirty 
minute period aTe shown in grams 
JBL 2nd 
30 min. Subject Sex Limb 15 min. 15 min . 
sample sample sample 
E.C. M Arm 0.02 0.02 0.09 
Leg 0 .07 0.06 0.14 
C.V . M Arm 0.05 0.05 0.08 
Leg 0.00 0.00 0 .01 
S.R. M Arm 0.04 0.05 0.06 
Leg 0.04 0 .04 0.03 
w.s. M Arm 0.02 0.02 0.06 
Leg 0.05 0.05 0 .06 
P.D. F Arm 0.02 0.02 0.05 
Leg 0.00 0.00 0.00 
F.V. F Arm 0.04 0.04 0.06 
Leg 0.00 0.00 0.02 
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Fra. 1. Thirty minute sweat samples during a 10 day training period are shown for four 
men and three women paraplegics. Forearm samples are represented by solid lines. samples 
from the thigh by broken lines. 
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Fla. 2. Theoretical lines representing predicted Na excretion for either 100% recruit-
ment (R) or 100% enhancement (E) are shown. Actual data points for Na excretion during 
training with methacholine are entered. Graphs for the thigh and forearm are given for each 
subject. 
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entialJv alike that i both areas displayed the 
. ' 
am phenomena (Fig. 2). 
DI:C"GR. IO -
According to Li t and Peet (5) the pregan-
glionic fib rs innervating sweat glands in clif-
f rent ar a of the body originate in the fol-
lowing egments: 
H a l-Tl-Tl2 
pp r xtrem ties-T.-T7 
Trunk-T s-T 12 
Lower Extremities-TJo-L3 
If th ff "rent pathway is interrupted by le-
i on of either the central or peripheral ner-
vous system, circumscribed anhidrosis usually 
re ult . Te ting the localization, shape and ex-
tent of the anhidrotic area by thermal stress 
is an important diarnostic tool in neurology 
and neurosurgery (6). 
Although potential pathways for intrasym-
pathetic weat reflexes (7) in cats do exist in 
the . ympath tic chain, thermoregulatory stim-
uli of c ntral origin do not appear to reach 
an·a:' l,e)mY the Jesio11. Thr~r same area do re-
mn in re. ponsive to choliner(}'ic stimulation, ho\Y-
ev r, and ._ how imilar trainin(}' re ponses a the 
for arm, which has normal intact innervation. 
The proc s es which result in the increased 
wc'utinl! re~ponse of training appea,r to be char-
acteri tic of the individual and do not vary 
wi h th pr vious lev 1 of timulation reachin(}' 
the nr a from the central nervous system. In-
tunc s of training due to enhancement and a 
combination of enhancement and recruitment 
hav h ·en report d prrviou ly (2). ..._ imilnr 
respon es were ob erved in this study. In addi-
tion, on ca e where recruitment predominated 
wa shown. 
The fact that ar as that apparently receive 
no thermoregulatory impulses from the cen-
tral nrn-ou ystem retain their respon e to 
methacholine is consistent with the hypothesis 
that sympathetic po tganglionic neurons con-
tinually liberate small quantities of neurohu-
mor, which may provide a tonic level of stim-
ulation even after the preganglionic neurons are 
severed (8). 
We do not underestimate the complexity of 
this situation. Clinically, these patients seem 
to have difficulty with decubitus ulcers below 
the lesions. Al o, some of them are intolerant 
to heat stress. Anatomically, we cannot be sure 
of complete sympathectomy below the lesions. 
Intermediate ganglionic stations may provide 
ome sympathetic impulses below the lesion. 
Additional work needs doing on the anatomy 
of the skin, the distribution of sympathetic 
stimulation, and the possibility that sweat glands 
do not follow Cannon's law of hypersensitivity. 
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